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e Goal and plans ‘@

Fermilab

GOALS: - Study and compare mechanical designs for both shell and
racetrack type quadrupoles in order to select the best design
concept for the 1st short model,

- Have engineering design by the end of FYOS.

Candidates: - Shell type ¢ = 110 mm with Aluminum outer shell
- Shell type ¢ = 110 mm with Stainless Steel skin
- Racetrack type ¢ = 92 mm with Al/SS skin

Criteria: - Acceptable stress and strain in the coil
- Acceptable coil deformation

STEPS: - Analytical analysis
- FEM with fixed BC
- FEM with external forces
- Full FEM model (conceptual)
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*1 = Shell type — Magnetic forces ‘@
N

Fermilab
% Forces computed by 1 s 70
ROXIE and ANSYS RS, 1
@ I=13kA (=228 T/m) \ -]
ROXIE | ANSYS | HGOf B o
=
(MN/m) (MN/m) (MN/m) % g;%g
Fy 4.2 4.2 1.6
Fy -4.2 -4.1 -1.9
Fq 2.8
FG -5 (Magds 12938) 4shells Apert=110mm - Mu Tron=1000 I=12938 A

1 KEK design scaled to 228 T/m
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L. 2

Fermilab

Shell type — Analytical study

% 15t shell: F,= 1.5 MN/m,
o Width = 12.3 mm,

> oy, = 122 MPa

“* Bottom half of coil: F, = 1.7 MN/m,

o E

Feb 26, 2004

. ol = 50 GPa, E_, _ = 14 GPa
= Ar = 87 um (average)

And this deflection is going to increase the stress in the 15t shell!

r ins
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Shell type

T
L. 2

Infinitely rigid B.C.

Fermilab

% Stress in the coil with infinitely
rigid BC on the outer surface of the

collars
o NO pre-stress

o Material properties @ 4.2 K

o Fmag @ 13 kA =228 T/m

oy max = 152 MPa

(BC1) NO interference, NO ccoldown (Mat prop at cold), FMAG
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ANZYS 7.0

FEB 19 2004
oot

FLOT NO. 1
NODAL SCLOTTCN

Havs=1
PowerGraphics
EFACET=1
AVRES=Mat

DME =.114F-03
SMT =—.152E+09
SMX =.360E+08
.152E+09
.131F+09
.110F+09
—.894E+08
—.685E+08
—.476E+08
—-.267E+08
-.582E+07
.151E+08
.360E+H18

BECCROCNN

Ar =87 um

/

AEANAS [IRNRY
———————'> T 1

., MO interference, MO cocldown (Mat prop at cold), FMAG

o, max = 150-160 MPa

(BC1) NO interference, NO ccoldown (Mat prop at cold), FMAG
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MNSYS 7.0
FEB 19 2004
18:27:21
PLOT NO. 1
DISPLACFMENT

TIME=1
PowerGraphics
EFACET=1
AVRES=Mat

No displacement

DIST=.045629
»F .078184
YE  =.041481
Z-BOFFER

ANZYS 7.0

FEB 19 2004
1852723

FLOT NO. 1
NODAL SCLOTTCN
olik=l

SUB =13
TibE=1

S¥ (BVE)
Hawd=1
PowerGraphics

OMX =.114E-03
SMY =—.167E+09
SMH =.211E+08
NECR

. 167E+03
. 146F+03
L 125E+03
. 104F+03
.835E+08
LB26F+08
—.417E+08
—.20BE+08
148322
L211F+08

HICCROCNN
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Shell type
‘M FEM with external force

Fermilab

«+ Stress in the coil with horizontal

force on the midplane

o With some pre-stress <120 MPa

o Fmag @ 13 kA =228 T/m

oy 1% shell = 140 MPa

(FC4) NewMat, Racd=.l Az=.13—.lmm, (+osl,-0s3) Force=2MN at 4.2K

Ar=203 ym —»

ANEYS 7.0

FEB 6 2004
Lrstiben

PLOT NO. 1
NCDAL SCLOTICN
STEP=3

SUEB =12

TIME=3

5Y (AVG)
R3VS=1
PowerGraphics
EFRCET=1
AVRES=Mat

CM =.289F-03
SMY =—.167E+09
SMH =.574F+08
L16TEHD9
L142F+09
L117E+09
L 924F+08
LE74F+08
L4Z5E+08
—.175F+08
AATEHDT
L324F+08
LSTAEH0S

IE0OROOEN

N

|-, JlewMat, Rad=.1 Az=.13-.1mm, (+osl,-0s3) Force=2MN at 4.2K

it g
o, max = 180-190 MPa

(FC4) NewMat, Racd=.l Az=.13—.lmm, (+osl,-0s3) Force=2MN at 4.2K

ENSYS 7.0

FEB & 2004
12:05:25

PLOT NO. 1
NCDAL SCLOTTCH
STEP=3

SUB =12

TIME=3

SEQV [BVG)
PowerGraphics

SME =.698E+09
213298

LTTTEADS
. 105F+09
L233E+09
.310E+039
.388E+09
.465E+09
L543E+09
L620E+09
.698E+09

(NN |

2 MN/m

BNSYS 7.0

FEE & 2004
12:05:24

PLOT NO. 1
NCDAL SCLOTTICN
STEP=3

SUB =12

SX (BVG)

PowerGraghics
EFACET=1
BEVEES=Mat

O =.289E-03
SMY =—.215E+09
SME =.261FE+08
NECR
—.215E+09
. 189E+09
. 162F+09
L 135E+09
L108E+09
LBL3E+08
—.544F+08
—.2T6E+08
—742734
L261F+08
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L, = Shell type
‘M  with Al outer shell —

- 269E+08
-.119F+07
.245E+08

Fermilab

< Al shell P

% Yoke with gap at 45 deg.

% SS keys in contact after

cooldown and at max Grad.
s Collar-Yoke contact 0-6 deg.— T R
* Bladder technology
G, at 228 T/m
AIYS 1.0 o, at228 T/m
il A
oy e NeoAL. Sermrto 5 2 004

Tops of shells are still in contact STRP=3 g
%%\]2{5:%2 xg_rcgpl}_t_jamlmrm
av (AVE) T
R3YsS=1 SK {AVG)

Eosgeees

— = S
1 Lo —-526E+08
] =
[ —
[ |

W
a

PowerGraghics
EFACET=1 a 5
BVEES=Mat .
MY =.302E-03
SMT =—.172E+09
SMX =.565E+08 i
-.169E+09 ] )
—.148E+09 il
= —.127E+09 \
—.106E+09
—.850E+08
—.640E+08
—.430E+08
—.220E+08
—.100E+07 e
g Ar=131 pm
—>

o, max = 160-180 MP
Gy 15t shell <150 MPa

(Yokel0) ~¥:§<e9 except: KeyAngle=0.005,
{Yokel0)=Yoke9 except: KeyAngle=0.005,




# Next steps ‘@

Fermilab
“+ Shell type with SS skin By the end of Q2

*+ Block tyIfe (F,=5.5 F,=-6 MN/m @ 228 T/m) By the end of Q3
o Analytical study
o FEM with fixed BC
o FEM with external help (force and/or BC)
o Full FE model (conceptual)
o Comparison with LBNL design
< Sensitivity analysis By the end of FY04

o As part of the decision process Decision for 1°t short model

*+ Final design of 15t short model with magnetic and
mechanical optimization By the end of FY05
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